Objective: To examine associations between dietary patterns and obesity. Design: Cross-sectional study. Subjects: A total of 3760 Japanese female dietetic course students aged 18-20 years from 53 institutions in Japan. Measurements: Diet was assessed over a 1-month period with a validated self-administered diet history questionnaire with 148 food items, from which 30 food groups were created and entered into a factor analysis. Body mass index (BMI) was calculated from self-reported body height and weight. Results: Mean BMI (7s.d.) was 20.972.8 kg m À2 . Four dietary patterns were identified. After adjustment for several confounding factors and total energy intake, the 'Healthy' pattern, characterized by high intakes of vegetables, mushrooms, seaweeds, potatoes, fish and shellfish, soy products, processed fish, fruit and salted vegetables, was significantly associated with a lower risk of BMIX25 (odds ratio of the highest quintile vs lowest, 0.57; 95% confidence interval: 0.37-0.87; P for trend o0.05). In contrast, the 'Japanese traditional' pattern, characterized by high intakes of rice, miso soup and soy products, and the 'Western' pattern, characterized by high intakes of meats, fats and oils, seasonings, processed meats and eggs, were both significantly associated with an increased risk of BMIX25 (OR: 1.77; 95% CI: 1.17-2.67; P for trend o0.01 and OR: 1.56; 95% CI: 1.01-2.40; P for trend ¼ 0.04, respectively). Conclusion: Three major dietary patterns, Healthy, Japanese traditional and Western, were all independently and significantly related to the risk of obesity even among a relatively lean young Japanese female population.
Introduction
The role of dietary fat [1] [2] [3] [4] [5] and carbohydrate intake 5, 6 in the etiology of obesity has been widely investigated, but results have been controversial. One reason for the inconsistent findings may owe to the traditional single nutrient-based approach in nutritional epidemiology, which is commonly used in largely nutritional epidemiological research. 7 This dominant approach of examining single nutrients or foods might not adequately account for complicated interactions and cumulative effects and might result in the drawing of erroneous associations between dietary factors and disease. Recently, however, the dietary pattern approach, which uses factor or cluster analysis to measure the overall diet, has been widely used to elucidate the relationships between diet and disease. 8, 9 Dietary pattern analysis is useful because it provides a basis from which to make recommendations on eating practices such as healthy food choice for preventive disease.
The relation between dietary pattern and measures of obesity has been reported in several previous cross-sectional studies. [10] [11] [12] Masakarinec et al. 12 found that the 'meat' pattern was positively associated with body mass index (BMI), whereas the 'vegetable', 'bean' and 'cold foods' patterns were negatively correlated among multiethnic women including Japanese and Chinese women (mean age 53.9 years for all subjects). Moreover, Newby et al. 7, 13 found that the dietary patterns derived from both factor and cluster analyses were significantly related to longitudinal changes in anthropometric measures. To our knowledge, however, all studies on this issue have been conducted in Western countries and in relatively older populations. Here, we attempted to identify dietary patterns and to examine the relationship between dietary patterns and the risk of obesity among Japanese women aged 18-20 years while controlling for a wide range of potential confounding factors.
Methods
Subjects and survey procedure The present study was based on a self-administered questionnaire survey of a wide range of dietary and non-dietary behaviors among dietetic students (n ¼ 4679) from 54 universities, colleges and technical schools in 33 of 47 prefectures in Japan. A detailed description of the study design and survey procedure is published elsewhere. 14 Briefly, during an orientation session or a first lecture designed for freshman students who entered dietetic courses in April 2005, students answered a dietary assessment questionnaire and another questionnaire on other lifestyle items during the preceding month; in most institutions, this was carried out within 2 weeks after the course began. Responses to the questionnaires were checked at least twice for completeness. When necessary, forms were reviewed with the student to ensure the clarity of answers. Most surveys were completed by May 2005. A total of 4394 students (4168 women and 226 men) answered both questionnaires (response rate ¼ 93.9%). The protocol of the present study was approved by the Ethics Committee of the National Institute of Health and Nutrition.
Dietary assessment and food grouping
We used a self-administered diet history questionnaire (DHQ), a validated 16-page questionnaire that assesses dietary habits in the preceding 1-month period. 15, 16 The DHQ consisted of the following seven sections: general dietary behaviors; major cooking methods; consumption frequency and amount of six alcoholic beverages; consumption frequency and semiquantitative portion size of 121 selected food and non-alcoholic beverage items; dietary supplements; consumption frequency and amount of 19 staple foods (rice, bread, noodles and other wheat foods) and miso soup (fermented soybean paste soup); and open-ended items for foods consumed regularly (X once per week) but not appearing in the DHQ. Food and beverage items and portion sizes were derived primarily from data in the National Nutrition Survey of Japan and several recipe books for Japanese dishes. 15 Measures of dietary intake for 148 food and beverage items and energy were calculated using an ad hoc computer algorithm for the DHQ, which was based on the Standard Tables of Food Composition in Japan.   17 Information on dietary supplements and data from the open-ended questionnaire items were not used in the calculation of dietary intake. A more detailed description of the questionnaire, calculation of nutrient intakes and validity are given elsewhere. 15, 16 To reduce the complexity of the data, food items were grouped together. 18 The grouping scheme was generally based on the principles of similarity of nutrient profiles or culinary usage of the foods, mainly according to the Food  Composition Tables of Japanese foods, 5th Revised Edition, 17 and the classification of food groups used by the National Nutrition Survey in Japan. 19 Finally, 30 separate food groups were established (Table 1 ) and used in the analyses of dietary patterns.
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Anthropometric assessment and body mass index Self-reported body height (cm) and weight (kg) were obtained from the DHQ. Body mass index (BMI) was calculated as body weight (kg) divided by the square of body height (m 2 ). The subjects with BMIX25 kg m À2 were defined as obese according to the Japan Society for the Study of Obesity.
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Assessment of lifestyle variables and confounding factors Lifestyle variables were obtained from a 12-page questionnaire designed for this survey. Subjects reported the residential area where the subject mainly lived during the previous 1 month, which was grouped into six categories (Hokkaido and Tohoku; Kanto; Hokuriku and Tokai; Kinki; Chugoku and Shikoku; and Kyushu) based on the regional blocks used in the National Nutrition Survey in Japan 19 (hereafter referred to as 'residential block'). The residential areas were also grouped into three categories according to population size (city with population X1 million; city with population o1 million; and town and village; hereafter referred to as 'size of residential area'). Current smoking (yes or no), whether trying to lose weight (yes or no) and dietary consciousness were also assessed in this questionnaire. Assessment for dietary consciousness used the following question: 'How often do you think about diet or nutrients to maintain your health?' and the four responses of 'thinking always,' 'often,' 'sometimes' and 'seldom or never.' Total metabolic equivalent hours (kJ kg À1 of body weight day
À1
) were computed on the basis of the frequency and duration of five different activities (sleeping, high-and moderate-intensity activities, walking, and sedentary activities) over the preceding month as reported in the lifestyle questionnaire, as described in detail elsewhere. 14 We calculated total energy expenditure by multiplying total meta- ), respectively (n ¼ 81). We also excluded subjects with attendance at an institution that conducted the survey at the end of May (n ¼ 98); currently receiving dietary counseling from a doctor or dietitian (n ¼ 105); or missing information on the variables used (n ¼ 20). Thus, the data from 3760 women were included in the final analysis.
Factor analysis to derive the food pattern based on the 30-food groups from the DHQ was conducted using the FACTOR PROCEDURE of the SAS software. 23 Intake of these food groups was adjusted for total energy intake with the use of the residual method 24 to obtain factors uncorrelated with total energy intake. Therefore, food groups were expressed as weight in grams per day. They were entered into the factor analysis. To identify the number of factors to be retained, we used the eigenvalue 41.0 criterion, the most widely used in factor analysis, as a first step. However, this procedure created 11 independent factors, a number too large for further analyses. The scree plot showed a small break in the eigenvalues after factor four, which suggested that retention of three or four would be optimal. We selected solutions ranging from three to four for rotation. The factors were rotated by orthogonal transformation (Varimax rotation function in SAS) to achieve a simpler structure with greater interpretability. Post-rotated factor loadings revealed that the four factors well described distinctive dietary patterns of the study population. After Varimax rotation, factor scores were saved from the principal component analysis for each individual. The factor scores for each pattern and for each individual were determined by summing the intake of each food group weighted by the factor loading. 25 The scores were divided into quintiles, and used for comparison of nutrient intake and other lifestyle factors. Correlation coefficients for each factor as well as energy- Dietary patterns and obesity in Japanese H Okubo et al adjusted nutrient intake, glycemic index (GI) and glycemic load (GL) were calculated. The calculation of dietary GI and GL is given in our previous paper. 26 Logistic regression analysis was used to calculate the odds ratio (OR) and 95% confidence interval (95% CI) of BMIX25 for each quintiles of the dietary pattern. Multivariate adjusted ORs were calculated by adjusting for residential block (six categories), size of residential area (three categories), current smoking (yes or no), current dietary supplement usage (yes or no), physical activity level (as a continuous variable), attempt to lose weight in preceding 1 month (yes or no), intentional dietary change within 1 year (yes or no), rate of eating (five categories: very slow, relatively slow, medium, relatively fast and very fast) and dietary consciousness (four categories: thinking always, often, sometimes, seldom or never). We further adjusted for total energy intake (as a continuous variable). The trend of association was assessed by a logistic regression model assigning scores to the levels of the independent variable.
All statistical analyses were performed using version 9.1 of the SAS software package (SAS Institute, Inc. Cary, NC, USA). A two-sided P-value of o0.05 was considered significant. ). A total of 1337 women (35.6%) were trying to lose weight in the previous 1 month. There were few current smokers (1.4%). Mean daily energy intake (7s.d.) was 7.672.0 MJ.
Results
The factor loading matrices are shown in Table 2 . The patterns were labeled according to the food groups with high loadings. Factor 1, which loaded heavily on green and white vegetables, mushrooms, seaweeds, potatoes, fish and shellfish, soy products, processed fish, fruit and salted vegetables, was labeled the 'Healthy' pattern. Factor 2, with high loadings for rice, miso soup and soy products, was labeled the 'Japanese traditional' pattern. Factor 3, with high loadings for meat, fats and oils, seasonings, processed meats and eggs, was labeled the 'Western' pattern. Factor 4, with high loadings for sugary foods, coffee and dairy products, was labeled the 'Coffee and dairy products' pattern. The four dietary patterns overall accounted for 28.9% of variance in food intake.
The subjects were divided into quintiles by the factor score of each dietary pattern. Sample characteristics are presented Dietary patterns and obesity in Japanese H Okubo et al for the lowest (Q1) and highest (Q5) quintiles of each food pattern (Table 3 ). The number of subjects in the highest quintile of the Healthy pattern was smaller for current smokers, whereas larger for dietary supplement users and dieters than those in the lowest quintile. Also, the subjects in the highest quintile of the Healthy pattern were eating slower and physically more active than those in the lowest quintile. Subjects in the highest quintile of the Healthy, the Japanese traditional and the Coffee and dairy products patterns had greater dietary consciousness, whereas this association was opposite in the Western pattern.
Mean energy-adjusted nutrient intakes for the lowest (Q1) and highest (Q5) quintiles of each dietary pattern and Pearson correlation coefficient are presented in Table 4 . For mean energy-adjusted nutrient intake, the highest quintile of the Healthy pattern showed high intakes of protein, vitamin C, potassium, magnesium, calcium and total dietary fiber but low GI and GL compared with the lowest quintile of the dietary pattern. The Healthy pattern correlated positively with the intake of protein, vitamin C, potassium, magnesium, calcium and total dietary fiber (r ¼ 0.40-0.80), and negatively with GI (r ¼ À0.24) and GL (r ¼ À0.41). The Japanese traditional pattern correlated positively with the intake of carbohydrate, magnesium, GI and GL (r ¼ 0.23-0.34), and negatively with that of fat (r ¼ À0.34). The Western pattern correlated positively with the intake of protein and fat (r ¼ 0.29-0.61), and negatively with that of carbohydrate, calcium and GL (r ¼ À0.66-À0.21). The Coffee and dairy products pattern correlated positively with the intake of potassium, magnesium and calcium (r ¼ 0.27-0.43).
Multivariate adjusted ORs for BMIX25 across quintiles of all four dietary patterns are shown in Table 5 . After controlling for several confounding factors and total energy intake (Model 2), subjects in the highest quintile (Q5) of the Healthy pattern had the lower OR of BMIX25 compared with those in the lowest quintile (Q1) (OR: 0.57; 95% CI: 0.37-0.87). In contrast, subjects in the highest quintiles of the Japanese traditional pattern and Western pattern had both greater ORs of BMIX25 than those in the lowest quintiles (OR: 1.77; 95% CI: 1.17-2.67 and OR: 1.56; 95% CI: 1.01-2.40, respectively), and the test for linear trend was significant in the both analysis (P for trend o0.01 and 0.04, respectively). The results were similar, but somewhat less significant, in the model without adjustment for total energy intake (Model 1; P for trend ¼ 0.07 in Healthy, o0.01 in Japanese traditional and 0.04 in Western, respectively). No association with the risk of BMIX25 was seen for the Coffee and dairy products pattern.
Discussion
To our knowledge, this is the first report to examine the association between dietary patterns and the risk of obesity in non-Western countries. Further, the sample was relatively large and homogenous. Using dietary data collected from a validated dietary assessment questionnaire, we identified four dietary patterns and identified associations between dietary patterns and obesity even among relatively lean subjects. The Healthy pattern was associated with a decreased risk of obesity after controlling for several potential confounding factors, whereas the Japanese traditional and the Western patterns were both associated with an increased risk of obesity.
The Healthy and Western patterns we observed were most similar to the 'vegetable' and the 'meat' patterns, respectively, derived from the study by Maskarinec et al. 12 The 'vegetable' pattern, which had a high loading for vegetables, legumes, fruit and soy protein, showed a weakly negative association with BMI among Chinese and Japanese women (r ¼ À0.13, P ¼ 0.05). The 'meat' pattern, in contrast, which had a high loading for processed and red meats, fish, poultry, eggs, fats and oils, and condiments, showed a positive association with BMI among multiethnic women (r ¼ 0.17, P ¼ 0.0001) but not among Chinese and Japanese women in subgroup analysis (r ¼ 0.11, P ¼ 0.094). In a prospective study, Newby et al. used factor 7 and cluster 13 analyses to identify an association between BMI and a dietary pattern characterized by a high intake of reduced-fat dairy products, whole grains and fruit, and a low intake of refined grains, processed and red meats, and soda. Further, this pattern was associated with the smallest gains in BMI in women 13 and in waist circumference in both sexes 7,13 compared with other dietary patterns. In addition, a review of 30 cross-sectional studies, which summarized associations between BMI and dietary pattern as defined by diet index, factor or cluster analysis, found that a diet high in fruit and vegetables was negatively associated with higher BMI, while one high in meats and fat was positively associated, 27 notwithstanding that the dietary patterns of each were characterized using different analytic methods. The positive association of the Japanese traditional pattern, which was characterized by a high intake of rice, miso soup and soy products, with an increased risk of obesity observed in the present study was of particular interest. This association may be partly explained by the role of dietary GI and GL, given its relatively high and positive correlation with GI (r ¼ 0.34) and GL (r ¼ 0.31; Table 4 ). Actually, there was positive association of dietary GI and GL with BMI in the same data set of young Japanese women. 28 Additionally, we previously reported a significant positive association between dietary GI and BMI (P for trend ¼ 0.001) among Japanese women aged 20-78 years. 26 Lin et al. 29 also found a positive relation between rice dietary pattern and waist circumference and BMI among Hispanic elders. The relation of dietary pattern to lifestyle characteristics supports the theory that healthy food choice is a part of a larger pattern of health-related characteristics and dietary behaviors. 30, 31 Our subjects with higher scores for the Healthy pattern consumed healthier foods and smoked less, used more supplements, ate more slowly and had greater
Dietary patterns and obesity in Japanese H Okubo et al Dietary patterns and obesity in Japanese H Okubo et al consciousness of diet, and were physically more active (Table 3) . In contrast, those with relatively high scores for the Western pattern were less health-conscious and showed higher BMI. Our results indicated that dietary pattern was also related to health-related behavioral risk factors that might influence weight gain. In contrast, subjects with a higher score for the Japanese traditional pattern had higher BMI even though they were more health-conscious. They tended to live in the rural areas. Unmeasured environmental factors related to residential area might affect the results although we adjusted for residential block and size of residential area.
We applied BMI calculated from self-reported body weight and height, which might be biased. Some previous papers found that younger women tended to underreport their body weight. 32, 33 This tendency was also observed in the study among Japanese women aged 20-42 years. 34 Moreover, another study among Japanese women aged 35-64 years found that subjects with higher measured BMI significantly underreported their body weight compared with those with lower BMI. 35 Therefore, the prevalence of obesity with BMIX25 based on self-reported data was slightly underestimated. The result may be diluted by this specific underreporting of BMI among obese subjects. This study has other potential limitations. First, the subjects were not a randomly sampled general population. However, the percentage of subjects with BMIX25 was not markedly different from that of the Japanese National Nutrition Survey in 2003 (7.2% aged 15-19 years). 19 Compared with western populations, 36, 37 Japanese women are generally leaner in this age range. Therefore, the results should be interpreted cautiously for generalization. Second, the subjects might be highly health-conscious because they were freshmen enrolled in dietetics courses. To minimize the possible bias induced by nutritional education, we finished the survey within 1 month of entry into the course. Third, because the study was conducted under a cross-sectional design, evaluation of causal associations was not possible. Fourth, dietary intake was assessed by a self-administered dietary assessment method. 15, 16 Although the questionnaire was validated, this design cannot completely prevent measurement error and selective under-or overestimation (or both) of food intake. 38 Fifth, although we attempted to adjust for a number of potential confounding variables, unknown or poorly measured confounders could not be controlled.
The principal components method itself also has limitations. For example, the prior classification of food items into food groups, adjustment of total energy intake, number of factors extracted, rotation method used and naming of factors are all subjective or arbitrary decisions. These decisions might have some impact on both the results and their interpretation. 39 Therefore, the present study attempted to replicate dietary patterns reported from other epidemiologic studies by using similar steps in the subjective decision-making process. Our decision to retain four factors Dietary patterns and obesity in Japanese H Okubo et al was based on eigenvalues, scree plots and interpretability. Moreover, we randomly divided the subjects into two groups to examine whether these subjective choices affected the reproducibility of our findings. The results showed closely similar dietary patterns (data not shown). It is important to note that the dietary pattern approach is basically population-based, and if a population with a different background was surveyed or foods were added or excluded, the dietary pattern may be slightly changed. However, the four dietary patterns identified in the current study were closely similar to those from our previous study among premenopausal women aged 40-55 years. 18 In conclusion, the three major dietary patterns, Healthy, Japanese traditional and Western patterns, were all independently related to the risk of BMIX25 even among relatively lean young Japanese women. Our results suggest that a diet with a high intake of a variety of low-energy-density foods such as vegetables, mushrooms, seaweeds and fruit, and a low intake of high-fat-content foods and high-GI foods may contribute to weight management. However, further studies in various populations following different dietary patterns are required to confirm these results. Dietary patterns and obesity in Japanese H Okubo et al
